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Summary  This  paper  presents  the  dimensional  synthesis  of  a  planar  six-bar  Stephenson  II
linkage having  single  degree  of  freedom  with  rotational  constraints.  The  objective  of  the  syn-
thesis is  to  determine  all  the  link  lengths  with  their  orientations  of  the  linkage  that  is  capable
to follow  the  path  speciﬁed  by  ﬁfteen  precision  points.  The  analytical  loop  closure  equations
are formed  using  dyad  and  triad  technique  by  means  of  complex  number  mathematics  for  path
generation.  These  equations  are  solved  simultaneously  for  ﬁfteen  displacement  positions  of
coupler tracing  point  to  determine  various  link  lengths  with  their  corresponding  orientations.
The displacement  vector  and  coupler  link  motion  are  the  prescribed  parameters.  The  effec-
tiveness of  mechanism  synthesis  has  been  demonstrated  on  a  numerical  example.  The  solution
of loop  closure  equations  has  been  obtained  using  a  MATLAB  code.  Finally,  the  determined  link
lengths with  their  orientations  have  been  veriﬁed  using  SAM  software.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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o
pIntroduction
Dimensional  synthesis  of  an  envisageable  mechanism  deals
with  the  determination  of  principal  dimensions  of  various
links  to  satisfy  its  vital  motion  requirements.  This  envisage-
able  mechanism  may  have  four,  six  or  higher  number  of  links.
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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licenses/by-nc-nd/4.0/).t  may  also  be  a  slider  crank  mechanism  or  any  other  type
f  mechanism  whose  dimensions  are  to  be  determined.  The
rincipal  dimensions  implicate  determination  of  link  lengths
long  with  their  angular  orientations,  position  of  pivots  and
isplacement  between  extreme  positions  of  slider  of  the
echanism.  The  dimensional  synthesis  of  mechanism  may  be
erformed  by  graphical  or  analytical  techniques.  When  the
nalytical  techniques  are  applied  using  high  end  program-
ing  software,  they  provide  beneﬁt  of  improved  accuracy.
any  researchers  have  performed  dimensional  synthesis  of
arious  mechanisms  for  standard  kinematic  tasks  viz.,  func-
ion  generation,  motion  generation  and  path  generation.
icle under the CC BY-NC-ND license (http://creativecommons.org/
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ZFigure  1  Conﬁguration  and  mobility  of  six-bar  
Rose  (1961)  and  Rawat  (1966)  used  graphical  techniques
o  synthesize  ﬁve-bar  mechanism.  Naik  and  Amarnath  (1989)
rojected  the  synthesis  of  adjustable  four  bar  function  gen-
rators  through  ﬁve  bar  loop  closure  equations.  Balli  and
hand  (2002)  suggested  complex  number  method  to  synthe-
ize  a  planar  ﬁve-bar  mechanism.  The  authors  of  (Chand  and
alli,  2001;  Balli  and  Chand,  2003;  Gadad  et  al.,  2012,  2005)
erformed  the  synthesis  of  variable  topology  seven-link
echanism  for  motion  between  two  extreme  positions.  They
arried  out  synthesis  for  multiple  kinematic  tasks  viz.,  path
eneration,  motion  generation  and  function  generation.
ohammad  and  Kumar  (2013)  performed  the  dimensional
ynthesis  for  six-bar  mechanisms  for  eight  precision  points
ath  generation.  The  mechanisms  with  higher  number  of
recision  points  are  not  dealt  with.  Therefore,  in  the  present
ork,  dimensional  synthesis  of  a  six-bar  Stephenson  II  mech-
nism  that  traces  a  trajectory  deﬁned  by  ﬁfteen  precision
oints  has  been  performed.  The  analytical  loop  closure
quations  have  been  formed  for  different  dyads  and  triads.
oreover,  a  numerical  problem  has  been  solved  to  demon-
trate  the  synthesis  of  given  mechanism.  Finally,  the  solution
s  veriﬁed  using  SAM  software.
onﬁguration of six-bar Stephenson II linkage
he  conﬁguration  of  six-bar  Stephenson  II  linkage  is  shown
n  Fig.  1.  The  link  1  is  binary  link  which  is  ﬁxed  at  pivots  O1
nd  O2.  The  link  2  acts  as  a  crank  which  rotates  about  ﬁxed
oint  O1.  The  link  4  is  a  binary  link  with  an  offset  at  point  D0.
his  point  D0 is  the  tracing  point  for  which  the  mechanism
s  to  be  dimensionally  synthesized.  There  are  two  ternary
inks  namely  link  3  and  link  5.  The  link  3  is  connected  to  link at  point  C0.  The  link  5  oscillates  about  ﬁxed  point  O2 and
s  connected  to  link  4  at  point  E0.  The  link  3  and  link  5  are
onnected  by  means  of  a  binary  link  6  at  points  B0 and  F0
espectively.
1
Zhenson  II  linkage  from  initial  to  prime  positions.
ormation of loop closure equation
onsider  the  initial  arrangement  of  the  given  six-
ar  Stephenson  II  linkage  expressed  by  joint  positions
1A0B0C0D0E0F0O2.  When  the  crank  O1A0 rotates  through
ngle    and  reaches  position  O1Aj, the  joint  positions  of
emaining  links  are  also  shifted  and  prime  position  of  the
inkage  is  expressed  by  O1AjBjCjDjEjFjO2 as  shown  in  Fig.  1.
he  displacement  of  tracing  point  from  position  D0 to  Dj is
xpressed  by  ıj. The  derivation  of  loop  closure  equations  for
fteen  precision  points  is  explained  below:
Writing  the  loop  closure  equation  (Sandoor  and  Erdman,
984)  for  independent  vector  loop  O1AjCjDjD0C0A0O1 (refer
ig.  1)
Z1 +  Z4 +  Z11 −  ıj −  Z11eiˇ j −  Z4eij −  Z1eij =  0
Z1(eij −  1)  +  Z4(eij −  1)  +  Z11(eiˇ j −  1)  =  ıj
(1)
Writing  the  loop  closure  equation  (Sandoor  and  Erdman,
984)  for  independent  vector  loop  O2EjDjD0E0O2 (refer
ig.  1)
Z7 +  Z10 −  ıj −  Z10eiˇ j −  Z7ei˛j =  0
Z7(ei˛j −  1)  +  Z10(eiˇ j −  1)  =  ıj
(2)
Considering  closed  loop  C0E0D0C0, we  get  unknown  vector
9 (refer  Fig.  1)
9 =  Z11 −  Z10 (3)
Writing  the  loop  closure  equation  (Sandoor  and  Erdman,
984)  for  independent  vector  loop  F0B0C0E0 (refer  Fig.  1)
5 +  Z3 +  Z9 −  Z8 =  0  (4)
Writing  the  loop  closure  equation  (Sandoor  and  Erdman,
984)  for  independent  vector  loop  FjBjCjEj (refer  Fig.  1)
5e
ij +  Z3eij +  Z9eiˇ j −  Z8ei˛j =  0  (5)
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Subtracting  Eq.  (4)  from  Eq.  (5),  we  get
Z5(eij −  1)  +  Z3(eij −  1)  +  Z9(eiˇ j −  1)  −  Z8(ei˛j −  1)  =  0
(6)
In  Eqs.  (1)—(6),  value  of  j  varies  from  1  to  15  for  ﬁfteen
points  comprising  the  required  trajectory.
Considering  closed  loop  A0B0C0A0,  we  get  unknown  vector
Z2 (refer  Fig.  1)
Z2 =  Z4 −  Z3 (7)
Considering  closed  loop  O2F0E0O2,  we  get  unknown  vector
Z6 (refer  Fig.  1)
Z6 =  Z7 −  Z8 (8)
Considering  closed  loop  O1O2F0B0A0O1,  we  get  unknown
vector  Z12 (refer  Fig.  1)
Z12 =  Z1 +  Z2 −  Z5 −  Z6 (9)
Numerical example
It  is  required  to  synthesize  a  six-bar  Stephenson  II  link-
age  which  transmit  motion  along  a  path  prescribed  by
ﬁfteen  precision  points  namely  P1 (0.674,  0.871),  P2 (0.499,
0.890),  P3 (0.335,  0.864),  P4 (0.202,  0.805),  P5 (0.117,
0.745),  P6 (0.069,  0.688),  P7 (0.057,  0.642),  P8 (0.086,
0.624),  P9 (0.174,  0.652),  P10 (0.397,  0.725),  P11 (0.890,
0.648),  P12 (1.131,  0.427),  P13 (1.093,  0.548),  P14 (0.990,
0.690),  P15 (0.844,  0.802).  The  MATLAB  code  is  developed
to  solve  for  the  design  vectors  Z1,  Z2,  Z3,  Z4,  Z5,  Z6, Z7,
Z8,  Z9,  Z10,  Z11 and  Z12.  The  prescribed  parameters  are
displacement  of  each  point  from  initial  position,  i.e.  ıj
(where  j  =  1,  2,  .  .  ., 15).  The  parameters  assumed  freely
are  j,  ˛j,  ˇj,   j and  j.  The  range  of  these  parameters
(http://www.artas.nl/en/news/item/34-sam-7-0)  are  j [0,
2],  ˛j [−5/12,  /3],  ˇj [−/6,  /3],  j [−/12,  /3]  and
j [−/60,  5/12].
Solution of loop closure equation
The  solution  of  Eqs.  (1)—(9)  is  difﬁcult  to  ﬁnd  manually
for  ﬁfteen  precision  points.  Also,  there  is  lesser  number
of  unknowns  as  compared  to  the  number  of  equations,  so
a  code  is  developed  in  MATLAB  to  solve  these  equations.
To  obtain  solution,  MATLAB  algorithm  consists  of  following
steps:
1.  Read  the  value  of  ﬁfteen  points  coordinates.
2.  Calculate  displacement  (ıj)  for  each  point  by  subtracting
its  coordinates  from  initial  point.
3.  Read  the  values  of  all  free  parameters  and  assumedparameters.
4.  Calculate  values  eij ,  ei˛j ,  eiˇj ,  eij and  eij for  j  =  1,  2,  3,
.  .  ., 15.
5.  Calculate  design  vectors  Z1,  Z4 and  Z11 using  Eq.  (1).
R
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.  Calculate  design  vectors  Z7 and  Z10 using  Eq.  (2).
.  Calculate  design  vectors  Z9 using  Eq.  (3).
.  Calculate  design  vectors  Z5,  Z3 and  Z8 using  Eq.  (6).
.  Calculate  design  vectors  Z2, Z6 and  Z12 using  Eqs.  (7)—(9)
respectively.
esult and discussion
he  present  work  suggests  dimensional  synthesis  of  given
ix-bar  Stephenson  II  linkage  that  transmits  motion  for  a
peciﬁed  path  prescribed  by  ﬁfteen  precision  points.  The
imensions  and  orientations  of  various  link  lengths  obtained
y  solving  loop  closure  equations  using  MATLAB  code  are
1 =  0.248  m  ∠108.60◦;  Z2 = 0.184  m  ∠17.70◦;  Z3 =  0.283  m
74.68◦;  Z4 =  0.412  m  ∠52.78◦;  Z5 =  0.291  m  ∠−176.07◦;
6 =  0.312  m  ∠96.30◦;  Z7 =  0.409  m  ∠67.09◦; Z8 =  0.204  m
19.00◦;  Z9 =  0.450  m  ∠−24.44◦;  Z10 =  0.404  m  ∠103.19◦;
11 =  0.378  m  ∠33.19◦; Z12 =  0.420  m  ∠0.03◦.  These  results
ave  been  veriﬁed  using  SAM  software  and  signify  the  effec-
iveness  of  the  proposed  method.  This  technique  offers
educed  solution  space  with  increased  accuracy  and  over-
ome  the  drawback  of  graphical  techniques  of  limited
ccuracy.  The  solution  obtained  is  consistent  with  kinematic
asks  of  path  generation  and  can  be  further  extended  for
ther  standard  kinematic  tasks  of  motion  generation  and
unction  generation.
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